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HYDROGEOLOGY AND COASTAL PROCESSES
AT POPHAM BEACH STATE PARK
By
Ryan P. Gordon and Stephen M. Dickson, Maine Geological Survey, 93 State House Station, Augusta, ME 04333
ryan.gordon@maine.gov; stephen.m.dickson@maine.gov

INTRODUCTION
Over the last 15 years, shoreline change and tidal inlet migration at Popham Beach State Park have destroyed
and created dunes, undercut a mature pitch pine back dune forest, and threatened park infrastructure. During the
2009-2010 East Coast sea level rise anomaly, a trifecta of king tides, storm surge, and high surf led to the formation
of a new barrier island in March 2010 (Figure 1). Felled pines and beach scraping in 2011 were used to reduce tidal
channel meandering and protect newly constructed bathhouses. This coastal system appears more dynamic than ever
and may signal acceleration in coastal processes that may accompany higher sea level.
Popham Beach is also Maine’s most visited state park, hosting over 175,000 visitors each year (Figure 2). Over
2 million gallons of fresh water per year are drawn from a shallow well in the sandy back-dune aquifer. A network
of observation wells are currently being monitored by MGS to help model the extraction and replenishment of
groundwater, and to watch for indications of salt-water intrusion into the fresh aquifer. Geophysics and computer
modeling have been used to estimate the risk of salt-water intrusion as seal level rises and shorelines change.
On this trip we will see a wide variety of dynamic geomorphic features, watch coastal processes in action,
measure monitoring wells, review field data that constrains a model, discuss erosion, sea-level rise, storm surge, and
salt-water intrusion. If you have visited this beach before, chances are it looks different today and will look different
on your next visit. Change happens here on time scales of months and years, as well as millennia.
COASTAL GEOLOGIC OVERVIEW
Barrier island genesis occurs on both transgressive and regressive coasts. Most barrier islands tend to form,
migrate, and in some cases, disappear with submergence on the continental shelf. In a simple transgressive model,
rising sea level allows barrier dunes to be flooded in storms with washover deposits behind the primary frontal dune
and even into a back-barrier salt marsh or lagoon. Overwash is a process that conserves beach and dune sand and the
landform migrates inland under a rising sea level. In sand-starved settings the sediment budget is lean and, without
sufficient introduction of sand, barrier islands can also submerge and become inner shelf shoals. In a simple
regressive model, with or without relative sea level rise, ample sediment in the littoral system can result in
progradation of beaches and dunes that advance seaward with preserved former frontal dune ridges and storm lag
deposits beneath the beachface.
Stratigraphy of coastal barrier systems in this region was presented in the 2000 NEIGC field trip guide
(Buynevich and FitzGerald, 2000a). Stratigraphy is important in understanding the severity and cycles of beach
erosion. Hunnewell Beach has a punctuated style of barrier progradation interrupted with episodes of severe erosion
(Buynevich and FitzGerald, 2000b). The barrier lithesome is composed of a medium fine sand on the order of 20
feet thick overlying a coarse sand of an earlier transgressive barrier that formed some 4,000 years ago (Buynevich et
al., 2004).
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Winter storm erosion on East Beach results in annual heavy mineral concentrations on the beachface with a
concentration of garnet, magnetite, and other felsic minerals. Ground penetrating radar detected at least 4 heavy
mineral concentrations in the Hunnewell Beach barrier lithesome that, based on optical luminescence dating, suggest
four episodes of extreme beach erosion around 150, 290, 390, and 1,550 years ago (Buynevich et al., 2007). The
most recent severe event, with a 1% chance of occurrence (or “100-year storm), was the Blizzard of February 1978
that left an erosional scarp at Popham and Hunnewell Beaches. In the last decade, erosion by the Morse River
removed most vestiges of the 1978 dune scarp in the park and East Beach lost the dunes that survived that storm of
record.
Popham Beach sand is predominantly fine sand (2-3 phi units) with medium sand (1-2 phi) offshore of East
Beach (Buynevich and FitzGerald, 2003; FitzGerald et al., 2000). The lower shoreface off East Beach encounters an
outer bar between the Fox Islands and Pond Island Shoal that represents the modern Kennebec River delta and a
source of sand for Popham Beach (Fenster and FitzGerald, 1996; FitzGerald et al., 2000). Farther seaward of
Popham Beach, the seabed contours are relatively smooth between Small Point and Seguin Island with a few lowrelief bedrock outcrops. An area southwest of Jackknife Ledge has been used for disposal of medium to coarse sand
from the lower Kennebec River channel dredged by the U. S. Army Corps of Engineers. Beyond the active
shoreface, is the Kennebec Paleodelta with an estimated late Pleistocene through Holocene sediment accumulation
of on the order of 400 million cubic yards of sediment infilling and burying the bedrock relief (Barnhardt et al.,
1997; Belknap et al., 2002; Kelley et al, 2003).

Figure 1. Aerial photograph of Popham Beach geomorphology showing two Morse River channels. Photo
by John Picher, Department of Conservation, March 10, 2010.
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Figure 2. Nautical chart and topographic map of the mouth of the Kennebec River and the Popham Beach area (from
Dickson, 2009). Spirit Pond is west of the label and Silver lake is shown by the arrow. Spirit Pond is tidal and
discharges thorough the Morse River.
Rarely are beach systems drift neutral with no longshore drift. Coastal circulation occurs at many temporal
scales from large-scale continental shelf circulation down to brief periods of storm-driven downwelling or upwelling
mixed with wave-induced currents (Dickson, 1999). In addition, coastal circulation and sediment transport are
locally affected by tidal inlets and river discharge (FitzGerald et al., 2002). Tidal inlet currents provide a nearly
constant reworking of sand into flood- and ebb-tidal deltas, and channel margin bars, as well as inducing scour in
estuarine channels and along barrier islands. In general on passive continental margins such as in New England
coast, barrier island evolution is a dynamic process that occurs over millennia punctuated by extreme storm events
with often lasting geomorphic change, such as inlet formation that segments a coastal barrier and forms a new
barrier island (FitzGerald et al., 2002; Buynevich et al., 2004; 2007).
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Popham Beach experiences the forces that make portions of the beach and dune system transgressive and other
portions regressive. Over a period of a decade or two areas that are regressive can become transgressive in a cyclic
pattern. The rapid coastal transformation here is the most extreme of any beach in Maine and involves annual
sediment volumes of up to 400,000 cubic yards (cy; FitzGerald et al., 2000). This natural flux of sediment exceeds
volumes of beach nourishment typically placed on other Maine beaches. This natural system does not receive
anthropogenic beach nourishment (with the possible exception of nearshore placement of sand from the Kennebec
River at Jackknife Ledge) but does benefit from Kennebec River bedload discharge into the ocean, the formation of
the Pond Island Shoal (a low modern delta), onshore transport of deltaic sand, and redistribution through a sediment
gyre framed by bedrock islands (Buynevich and FitzGerald, 2003). To the west of Popham Beach and the Morse
River, Seawall Beach is more linear and has had a net easterly longshore drift that is less influenced by bedrock
shoals or the Kennebec River. As the stops on this trip will show, Seawall Beach and Popham Beach are part of a
single system with spatially variable processes that result in highly dynamic coastal evolution on a time scale of
years. Lidar (light detection and ranging) topography reveals the complex geomorphology of dunes, beaches, sand
bars, channels, salt marshes, and bedrock islands in Figure 3.

Figure 3. Lidar map of the Popham Beach State Park area, with labels for key features and morphology.
THE MORSE RIVER AND HISTORY OF BEACH EROSION
Over the last 5 decades since the first orthophotographs became available, analysis of shoreline change, river
migration, dune erosion, and sand bar formation at Popham Beach has been possible (e.g. Goldschmidt et al., 1991;
Nelson, 1979). With more frequent aircraft flights and the addition of lidar data, analysis of beach dynamics has
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become more revealing (Dickson, 2008a). Since 2010, shoreline surveys have mapped (with GPS) the seaward dune
edge on an annual basis. These field data allow geomorphic analysis as well as a linear regression of erosion and
accretion that quantify ongoing growth or loss of dunes (Figure 4; Slovinsky et al., 2015).

Figure 4. Shorelines from 2010 to 2014 mapped by kinetic GPS along the dune edge show linear regression rates
(LRR) along Popham and Hunnewell Beaches. Following the avulsion of the Morse River (left side of map) the
erosion hot spot migrated to East Beach where rates of dune loss averaged 15 feet per year. Shore-normal transects
and erosion-accretion rates were made using the U.S. Geological Survey program DSAS. Illustration modified from
Figure 112 of Slovinsky et al., 2015.
The dominant force in coastal change at Popham Beach is the Morse River. Until recent observations could be
recorded and examined, one might assume that storms with large surf or the much larger Kennebec River might
have been dominant in shaping Popham Beach. The greatest erosion documented in the park has been adjacent to the
margins of the Morse River (Dickson, 2010). The greatest dune loss of 525 feet from 2004-2007 (Dickson, 2008a)
has been due to the orientation of the Morse River and a separate 500-foot wide dune section was eroded from 20072011 (Dickson, 2011). The formation of a new barrier island was due to the Morse River (Figure 5; Dickson, 2011).
Repeated breaches of the Fox Islands tombolo in 1964, 1972, 1987, and 2006-2008 (Dickson, 2008a) has been from
the Morse River flow. The greatest threat to park infrastructure has been due to the Morse River (Figure 6; Dickson,
2012). And finally, the subsequent destruction of the barrier island, as we will document on this trip, is due to the
Morse River (Figures 7 and 8).
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Figure 5. In 2010 sea level was abnormally high in the winter. A major extratropical
storm with large surf and a storm surge of up to 4 feet coincided with a week of
perigean spring tides that resulted in an avulsion.

Figure 6. Shoreline surveys of the dune edge from 2007 to 2011 show the
progressive loss of upland dunes and pitch pines (seen fallen along the beach). As
the barrier island’s spit (lower foreground) migrated ashore it also forces the tidal
channel farther inland toward the bath house. Also threatened by erosion was the
leach field for the waste water treatment system in the field just west of the bath
house.
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Figure 7. The back-barrier lagoon began to drain to the west in 2012. That opening allowed
additional shoaling of the eastern outlet (upper right) that led to its closure in 2013. Sand
accumulation on Center Beach resulted in erosion on East Beach. The Morse River’s new
channel (left foreground) shows signs of meandering east toward the barrier island. March
15, 2013 photo by Skip Varney, DACF.

Figure 8. The Morse River continues to meander east with a cut bank eroding the barrier
island dunes. This 2014 Google Earth image shows the channel margin that by 2015 had
migrated 240 feet east (left arrow) and another 160 feet by 2016.
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ADAPTING TO COASTAL CHANGE
Park management has had to adapt to extreme shoreline changes that necessitate closing access paths, moving
stairways, and even limiting the number of visitors on summer days with very high tides. To complicate
management, the area is popular with least terns and piping plovers that forage and nest in the same spaces that
people recreate by day and predators such as fox visit when the park is closed. Adaptation is sometimes urgent, as
was the case when Hurricane Irene approached New England. Before the Morse River breached in 2010, rapid
action moved trees into bundles seaward of the bath house to minimize meander currents (Figure 9). Beach scraping
was also designed, permitted, and completed within 2 months in order to divert the relict Morse River channel and
create a dissipative beach profile seaward of the west bath house (Figure 10; Kelley, 2013). Other times actions are
planned over a few years based on a biennial state budget. At this park, the geological history was critical for siting
new bath houses, wastewater treatment systems, and groundwater wells. Using the best available geological science,
a team of biologists, historians, planners, and engineers are continuing to identify coastal hazards to infrastructure
and to prioritize efforts that will be cost-effective and sustainable in this dynamic setting.

Figure 9. Fallen pitch pine trees were moved downstream along the bank of the Morse River in order to slow
currents that created an erosional scarp adjacent to the west bath house and picnic area. Trees were bundled and tied
to living pines in the dunes in order to hold them in place.
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Figure 10. Persistent tidal exchange between the ocean and lagoon as well as barrier island spit migration onshore
forced the tidal channel closer to the west bath house. Beach scraping and sand trucking moved 10,000 cubic
yards of sand from the spit platform to infill the channel and create a beach slope over the tree wattles in one week
and ahead of the winter storm season. The cement barriers (lower right photo) were put in place in 2011 in
anticipation of flooding during Hurricane Irene.
HYDROGEOLOGIC OVERVIEW
Barrier Beach Aquifer and Local Hydrology
The dune and barrier beach system that comprises most of Popham Beach State Park is an excellent place to
find and extract groundwater. The parking lot, bath houses, and surrounding pitch pine forest are located on top of a
thick (in places >80 ft) unconfined aquifer of unconsolidated fine-to-medium sand, which overlies regional bedrock.
The freshwater aquifer is located primarily beneath the higher dunes, roughly bound to the east by schist bedrock of
Sabino Hill, to the west by the tidal Morse River, to the north by Atkins Bay, a saline embayment of the Kennebec
Estuary, and to the south by the Atlantic Ocean. Vibracore and pulse auger sediment cores, as well as ground
penetrating radar (GPR) profiles show that the dunes are underlain by at least 30 ft of medium to fine sand over fine
sand that extends to depth (Buynevich, 2001; Buynevich et al., 2004). Drilling logs from the installation of
monitoring wells and borings confirm these findings, with fine sand and shells found down to 80 ft depth (Sevee &
Maher Engineers, Inc., 2008a; 2008b). Seismic refraction work performed by the Maine Geological Survey indicates
that the depth to bedrock varies along the dunes, with three measurements between 46 and 81 ft (Sevee & Maher
Engineers, Inc., 2008b). Between the back dunes and Atkins Bay lies over one thousand horizontal feet of high salt
marsh, underlain by fine organic mud. Sediment cores in the marsh show approximately 15 ft of marsh deposits over
organic mud, over 5 ft of medium-coarse sand, over fine sand (Buynevich, 2001). A similar saltmarsh exists to the
west of the high dunes, between the dunes and the Morse River. To the south of the dunes, the beach and seafloor
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are composed of fine and medium sand, which becomes finer beyond the bedrock outcrops of the Heron, Fox, and
Wood Islands, becoming very fine before reaching Seguin Island (FitzGerald et al., 2000).
Average annual precipitation in the Popham Beach area over the twenty years from 1995 through 2014 is 51
inches (gridded meteorological data from Thornton et al., 2015). Recharge into the sand dunes is 65% of
precipitation (estimated using the groundwater model, see below). The remainder is lost through evapotranspiration
by trees, plants, and open wetland, and likely a very minor amount of direct runoff into wetlands and ocean. There
are no substantial surface water streams, but a small freshwater wetland is located to the northwest of the highest
dunes, and there are tidal channels that drain the saltmarsh both on Atkins Bay and the east side of the Morse River.

Figure 11. Map of the well field and park infrastructure, showing the production pumping well and monitoring well
locations.
The water production well for the State Park is located in a higher portion of the forested back dunes, between
the parking lot and Route 209 (Figure 11). The ground elevation in this part of the dunes ranges from 5.5 to 26 ft
NAVD88, and the groundwater elevation in wells and piezometers ranges between approximately 3 and 4 ft
NAVD88. 1 Groundwater flow across the monitoring well field is generally from northeast to southwest. The
1

A note on elevations: Unless otherwise specified, elevations are reported in the NAVD88 datum. At Popham
Beach, mean sea level (MSL) is −0.16 ft NAVD88, while mean higher high water (MHHW) is 4.58 ft and mean
lower low water (MLLW) is −4.86 (from NOAA VDatum 3.5, http://vdatum.noaa.gov/).
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mounding of groundwater above sea level in the middle of the dunes suggests that there is a substantial lens of
freshwater in the aquifer below, and that recharging water from precipitation eventually flows downward and
seaward, until it seeps into the ocean below the high-tide line (similar to the idealized Figure 12).

Figure 12. An idealized, hypothetical cross-section through a low sand spit or island, showing a lens of freshwater
and the general directions of groundwater flow through the unconsolidated aquifer (modified from Barlow, 2003).
Saltwater, Freshwater, and Seawater Intrusion
In an unconfined aquifer adjacent to the ocean or, like the Popham peninsula, surrounded on all sides by bodies
of saltwater, there exists a complicated interaction between freshwater and saltwater in the subsurface (Barlow,
2003). Fresh groundwater in Maine is supplied by locally infiltrating precipitation; where the continental shelf is
covered by ocean, the groundwater below has salinity similar to that of ocean water (approximately 35,000 mg/L
total dissolved solids, while freshwater typically has less than 1000 mg/L). At the coast there is a transition zone
between fresh groundwater and saltwater (Figure 13), which, where thin, is approximated as a surface called the
saltwater interface. The location and thickness of the transition zone depends upon the flux of freshwater moving
through the aquifer, the hydraulic properties of the aquifer material, the depth to bedrock or a confining unit, and
dispersive mixing due to tides (Barlow, 2003). In a single-aquifer system, the less-dense freshwater overlies denser
saltwater, so that the saltwater interface dips landward. The discharge zone for freshwater is at and usually below the
intertidal zone, so that the surface of the saltwater interface meets the upper land surface somewhere offshore.
Where the land surface is low and surrounded on most sides by saltwater, such as an island, sand spit, or barrier
beach, the freshwater can form a lens that is completely surrounded and underlain by saltwater (Figure 12). This is
likely the case at Popham Beach. Although the thickness of the freshwater lens is difficult to know without
measuring salinity directly, a simple estimate of the depth to saltwater is given by the Ghyben-Herzberg
approximation, which is based on the density difference between freshwater (1.000 g/cm3) and saltwater (1.025
g/cm3). The full thickness of the saturated freshwater lens (d) is given by: d = h + 40h, where h is the height of the
water table above sea level (Reilly and Goodman, 1985). This calculation for Popham Beach would yield depths to
saltwater beneath the dunes of between 120 and 160 ft, although the shallower bedrock complicates this situation. A
more rigorous estimate can be achieved using numerical modeling.

211

B6-12

GORDON AND DICKSON

Figure 13. An idealized illustration of the transition zone between freshwater and saltwater below the coastline. The
density of dots is intended to represent salinity. Solid arrows show the movement and discharge of freshwater, while
dashed arrows show the recirculation of saltwater, caused by mixing in the transition zone (from Barlow, 2003).
Seawater intrusion occurs when saltwater associated with the ocean moves into an aquifer that was previously
saturated with freshwater, and can have detrimental effects on water resources. Saltwater intrusion is typically a
problem in regions where recharge is low and groundwater pumping rates are high close to the coast. However, any
changes in aquifer boundary conditions, such as a rise in sea level or a drop in recharge (e.g., due to development of
impervious surfaces) can change the location of the saltwater interface. Figure 14 illustrates two drivers of saltwater
intrusion that may occur at Popham Beach, aquifer drawdown due to pumping and sea-level rise. Sea-level rise
affects the fresh-water aquifer in two ways, by increasing the height (hydraulic head) of the ocean, and by
inundating the coastline, bringing the ocean closer to points on land. Both of these changes can cause saltwater
intrusion into the aquifer and a rise in the fresh water table elevation. A rise in the water table, even if fresh, can
cause damage to infrastructure such as foundations, septic systems, and road beds.
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Figure 14. Two potential drivers of saltwater intrusion: (a) pumping of groundwater (Q) creates a cone of depression
in the water table around the well, as well as movement of the saltwater interface (thick dashed line) into the well;
and (b) a rise in the elevation of the ocean combined with inundation of the coastline with saltwater causes both a
rise in the freshwater table and landward movement of the saltwater interface (modified from Ferguson and Gleeson,
2012).
PARK INFRASTRUCTURE AND WELLS
In 2008, a new water supply for the park was designed in order to meet the greater demand that accompanied
the construction of new bath houses with flush toilets and showers. Previously, the park was served by two shallow,
driven well points, which were deemed insufficient to supply the new facilities. Although the search for water at
first concentrated on drilled bedrock wells, the investigation ultimately settled on a single well installed in the
unconsolidated sandy aquifer beneath the high dunes. The water supply for the park is now a gravel-pack well of
about 28 ft in depth, installed in 2008 in an area of forested back dune between the parking lot and Route 209
(Figure 15). The lowest 4 ft of the well is a pre-packed stainless steel screen containing ceramic beads, which
increases the hydraulic conductivity immediately surrounding the well and allows water but not sand to be drawn
into the well (Figure 16). Above the screen is a 6-in diameter casing that extends several feet above the ground
surface (Sevee & Maher Engineers, Inc., 2008b), which is at approximately 11 ft NAVD88. A submersible, electric
pump installed below the water level in the well draws water from the aquifer for public showers, sinks, flush toilets,
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and drinking water. Used water is disposed of in septic system and grey-water leach fields adjacent to the parking lot
and bath house. The lowest chamber of the septic system is about 4 ft above the estimated seasonal high water table,
which is more than enough space to accommodate the expected mounding of the water table beneath the disposal
field (Sevee & Maher Engineers, Inc., 2008a). It is important to maintain at least two feet of unsaturated material
beneath the disposal field to prevent contamination of the groundwater.

Figure 15. Photograph on the left, from 2008, shows the drilling rig set up near a completed monitoring well, with a
length of a protective well casing (photo: Daniel B. Locke). Photograph on the right, from 2015, shows the
completed production well (right) with electrical service entering the top of the casing and the nearest monitoring
well, MW-6 (photo: Ryan P. Gordon).

Figure 16. A photograph of the pre-packed steel and ceramic well
screen before installation (photo: Daniel B. Locke).
The supply well was designed for withdrawals that are concentrated in the high-use season between June and
Labor Day, when demand may average 15 gpm; however, averaged over a whole year the consumption rate is likely
close to 4 gpm. The pump is limited to an instantaneous rate of 60 gpm. During pumping of 15 gpm, drawdown in
the well is estimated to be about 3 ft, based on a three-day pumping test of the well (Sevee & Maher Engineers, Inc.,
2008b).
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The static free groundwater surface in the vicinity of the supply well is about 4 ft above mean sea level.
Drawdown of the water table close to sea level has the potential to draw saltwater close to or into the well.
Fortunately for this system, the season of high-water use is limited to three or four months, and the average annual
extraction rate of 4 gpm is low, especially compared with the high rate of freshwater recharge. Nevertheless, the low
elevation and proximity of the well to the ocean and salt marsh is enough to cause concern about the potential for
salt-water intrusion into the well as sea level rises, or if further erosion of the beach and dunes occurs. The chambers
of the septic system are also close enough to the seasonal high water table to cause concern that rising sea levels and
increasing precipitation rates will cause the water table to rise and flood the septic system.
In 2015, the Maine Geological Survey (MGS), working with the Maine Coastal Program and the Bureau of
Parks and Lands, began a study to understand the recharge and flow of groundwater through the dune aquifer
system, and to investigate the potential for seawater intrusion and other hydrologic effects of sea-level rise. The
hydrogeologic investigation was one small part of a larger project to plan for the effects of sea-level rise on the
state’s coastal parks.
SEA-LEVEL RISE AND ADAPTATION
Vulnerability analysis used by the Maine Geological Survey is based on the elevation of the Highest Annual (or
Astronomical) High Tide or HAT. This elevation is preferred to Mean High Water (MHW) for geohazard analysis
because it represents the elevation reached or nearly reached by the largest tides in a year. In this part of the Maine
coast, the vertical difference between the MHW and the HAT is about a foot, so mapping based on MHW is similar
to the HAT from the Colonial era. Storms can cause coastal erosion flooding at spring or neap tides, but historically
some of the greatest land and property loss has occurred when the tidal range is near the maximum. So the use of the
HAT allows a “worst case” analysis.
The highest annual tide is used as the definition of a coastal wetland in Maine but it differs very little from the
highest astronomical tide of the National Tidal Datum Epoch (Adams, 2014). This elevation is used (either in the
tidal datum of Mean Lower Low Water or North American Vertical Datum of 1988) as the foundation for scenariobased simulations of storm surge and sea level rise (Table 1). Given some uncertainty in projecting sea level,
scenarios provide a variety of simulations that can be linked to types of infrastructure and capital improvement plans
as appropriate.
Inundation mapping is done by projecting a specific elevation on a lidar-based digital elevation model in a
geographic information system (Figure 17). This static approach is based on a date-specific lidar data collection and,
in a location like Popham Beach (Figure 3), only represents a past geomorphology. Nevertheless, the analysis
provides the best available perspective and some areas, such as back dunes and park infrastructure, are much less
dynamic than the beach itself.
Table 1. Inundation Levels with Multiple Scenarios for Vulnerability Assessments
Elevation
Scenario
Scenario
HAT + 1 foot
Nuisance flooding today
HAT in 2050
HAT + 2 feet
Nuisance flooding in 2050
HAT in 2070
HAT + 3.3 feet
Nuisance flooding in 2070
Northeaster storm surge today
Note: time line for sea level rise is for planning purposes to increase preparedness.
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Figure 17. Inundation mapping of current conditions (Existing HAT) and 4 scenarios of sea level rise or storm surge
illustrate the vulnerability of the road network in Phippsburg. Winter storm surges at a spring high tide can flood
Popham Road (State Route 209; arrow) that is the only access to Popham Beach State Park. With one foot of sea
level rise, park and peninsula access may be limited during spring tide conditions unless the road is elevated to avoid
nuisance flooding.
Inundation mapping does not take into consideration shoreline change rates. Erosion and accretion data (Figure
4) using the U.S. Geological Survey DSAS program can be projected with a GIS within the limits of retrospective
data. Projection of land loss provides scenarios on which vulnerability can be analyzed but not absolutely predicted.
Understanding vulnerability to shoreline change still requires geological analysis and understanding of the physical
processes and limits constrained by coastal geomorphology. This field trip provides multiple examples of the
complexity of shoreline change over short distances and the need to anticipate long-term erosion inland to areas not
previously documented in geological studies.
GROUNDWATER LEVEL AND SALINITY MONITORING
Observation Well Network
During the initial development of the water supply in 2008, four monitoring wells were drilled and installed in a
monitoring field around the production well (MW-2, MW-3, MW-5, and MW-6), and three shallow piezometers
were driven, two of which were subsequently destroyed by construction of the septic field. The monitoring wells
were installed with 5-ft screens at depths between 23 and 44 ft (elevations between -14 and -33 ft NAVD88). In
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2015, farther from the well field, MGS staff installed by hand 3 additional shallow piezometers, which are screened
at the water table (Figure 11). Since 2015, MGS has been monitoring the water levels and specific conductivity of
water in these wells and piezometers. Seven of the existing monitoring wells and piezometers are instrumented with
water level loggers that record the hydraulic head every 15 minutes (Figure 18), and one instrument records specific
conductivity, which is related to salinity.
Figure 19a shows an example of a groundwater level record from MW-2, in the middle of the dunes, screened at
an elevation of -28 to -33 ft NAVD88. A general seasonal pattern can be seen, in which groundwater is at the lowest
in September 2015, recovers through the fall and winter, and begins to drop again during the dry spring and summer
of 2016. Periodic sharp increases in the water level are associated with precipitation events, and more gradual
recessions follow each of these recharge events. A cycle of daily ups and downs may also be discernable, especially
during the growing season in 2016. Figure 19b shows a shorter time interval from PZ-6, a shallow piezometer close
to the frontal dune. In this record, both a daily cycle and a twice-daily cycle can be seen, slightly off-phase from
each other. The daily cycle in both well and piezometer is due to the daily cycle of plant transpiration; during the
day trees and plants use water as they photosynthesize sugars, and it is lost through their leaves. The twice-daily
cycle, which is more prominent in both wells and piezometers closer to the beach or marsh, is caused by tidal
fluctuations at the boundaries of the aquifer.

Figure 18. A self-contained water level sensor and logger.
The logger is suspended by a wire in the well below the
water level, where it measures and records the pressure of
the water above (photo: Ryan P. Gordon).
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Figure 19. Groundwater levels in wells (a) MW-2 and (b) PZ-6.
In addition to one well that continuously logs conductivity, MGS has periodically measured conductivity
manually in all the wells synoptically (at the same time). The highest observed value has been 275 µS/cm, recorded
by the automatic logger in PZ-6 in January 2016. Because specific conductivity is proportional to the salinity of
water, these measurements indicate that seawater intrusion is not currently occurring in the parts of the aquifer
where these wells are screened.
Terrain Conductivity
As part of the field investigation, MGS also performed transects using a terrain conductivity meter (Geonics
EM-34-3), a geophysical device that measures the conductivity of the bulk subsurface. Because sand saturated with
saltwater and sand saturated with freshwater have very different bulk conductivities, it is possible to use multiple
measurements from the EM-34-3 taken on the surface to estimate the depth to the saltwater interface. A two-layerearth model of the terrain conductivity data indicates that the interface is 25-30 ft deep at edge of the frontal dune on
Center Beach, directly south of the pumping well, and 65-70 feet deep in the center of the dune field, about 200 ft to
the west of the pumping well.
NUMERICAL GROUNDWATER FLOW MODELING
A three-dimensional, steady-state groundwater flow model (USGS MODFLOW-2005; Harbaugh, 2005) has
been constructed of the State Park dune field and surrounding beaches, marshes and sea floor up to one mile from
shore, and calibrated using the monitoring well data. The groundwater model simulates many of the processes
occurring at Popham Beach: recharge, groundwater discharge to the wetlands and ocean, well pumping, septic
system return flow, sea-level rise, and land-surface inundation. The model also uses the SWI2 package (Bakker et
al., 2013) to simulate a sharp saltwater interface under a variety of well-pumping and sea-level-rise scenarios.
The top surface of the model domain is a 100-ft grid of 190 columns and 200 rows (Figure 20), with elevations
derived from a combination of lidar flights over both land and shallow water, plus several bathymetry data sources
in deeper water. The top surface therefore represents the land surface and sea floor. Constant head boundaries on the
sea floor and lake bottoms represent freshwater hydraulic head. The surfaces of the marshes, mudflats, and beaches
are simulated as MODFLOW RIV boundaries, in order to switch from recharge to discharge zones, depending on
inundation by the ocean from tides or sea-level rise. A south-north cross section through the model (Figure 21),
shows the topography of the model top, as well as the elevations of the six layers. The bottom of the model is a noflow boundary at -300 ft NAVD88.
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Figure 20. A close up view of the top surface of the model grid. The pumping well is at the center of the intersecting
green row and blue column. The blue column represents the location of the cross sections shown in the following
figures.

Figure 21. A cross-section plot from south (left, Atlantic Ocean) to north (right, Atkins
Bay) through the model at the location of the pumping well. The model row and
appropriate elevations occupied by the well casing are symbolized as a grey bar, with dark
grey for the well screen. Shown are the boundaries of the discretized model layers, as well
as the bedrock surface and current modeled water table (MSL = -0.16 ft NAVD88). The
bottom of the model is at -300 ft (not shown).
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The model was run under a variety of scenarios of sea-level rise and groundwater extraction. Discussed here are
results from four scenarios, two with the ocean at current mean sea level (MSL) and two under 3.3 ft of sea-level
rise (MSL+3.3ft). Each of the ocean elevations were run with no pumping and 35 years of pumping at 15 gpm
(significantly higher than current usage). Simulated results show that the fresh water table rises significantly with
sea-level rise, but decreases only slightly due to pumping at this high rate (Figure 22). At the location of the septic
system, which is the infrastructure most sensitive to rising water tables, the elevation of the simulated water table
rises from 3.66 to 6.58 ft NAVD88, a rise of 88% of the total increase in sea level. According to the model, the
lowest chambers of the septic system are close to being flooded under 3.3 ft of sea level rise, and could easily be
flooded by high water tables associated with unusually wet weather.

Figure 22. A cross-section plot from south (left) to north (right) through the model at the
location of the pumping well (grey bar). Shown are modeled water table elevations under
current MSL conditions and under 3.3 ft of sea-level rise, each with and without
groundwater pumping of 15 gpm.
Results of the seawater intrusion model component are shown in Figure 23. The data as plotted here are
somewhat difficult to interpret visually, because the SWI2 package solves for the elevation of the saltwater interface
(zeta) independently in every model layer. In each layer shown in the figure, the zeta is a cross-cutting line with
freshwater above it and saltwater below. From layer to layer, it is possible to have saltwater on top of freshwater, as
seen in layers 2 and 3 on the right side of Figure 23. In this case, the discharging freshwater in the lower layer,
moving to the right, is partially trapped and pushed farther out beneath Atkins Bay by a lower-hydraulicconductivity layer above it, which contains saltwater.
The modeled saltwater interfaces (Figure 23) all appear to be controlled at the sides of the freshwater aquifer by
the position of the coastline, and at the bottom of the aquifer by the bedrock surface. Due to the low porosity of the
bedrock, the modeled depth to saltwater beneath the middle of the dune field is less than what would be estimated by
the Ghyben-Herzberg approximation. The modeled position of the saltwater interface under current conditions is
roughly compatible with the estimates made using terrain conductivity measurements, with the former simulating a
slightly deeper interface than the latter. In general, the results of the modeled saltwater interface lead to two main
conclusions. First, significant saltwater intrusion to the north and south of the freshwater aquifer (beneath the Center
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Beach area and beneath the Atkins Bay marsh) was simulated by the model under the 3.3-ft sea-level rise scenarios.
Pumping appears to have little impact on this lateral intrusion of seawater. These results, coupled with several
heuristic models that incorporate shoreline erosion (not shown here), suggest that horizontal inundation of the land
surface by saltwater is an important driver of lateral saltwater intrusion beneath the flooded coastline. Second, and
somewhat in contrast to the first conclusion, the small amount of saltwater intrusion modeled directly beneath the
pumping well is mainly controlled by the rate of pumping, and sea-level rise had little effect here. In what can only
be good news for the water supply at Popham Beach, the amount of vertical intrusion of saltwater beneath the well
was less than 4 ft, even after a steady simulated rise of sea level to 6 ft above current levels by 2100, combined with
consistently high rates (15 gpm) of pumping (these model results not shown).

Figure 23. A cross-section plot from south (left) to north (right) through the model at the location of the pumping
well (grey bar). Shown are the elevations of the modeled sharp saltwater interface (zeta) under current MSL
conditions and under 3.3 ft of sea-level rise, each with and without groundwater pumping of 15 gpm.
The implications for the State Park infrastructure of the groundwater flow modeling are mixed. The water
supply well is not under direct threat of permanent saltwater intrusion under moderate levels of sea-level rise;
however, the septic system is at risk of flooding under simulated conditions of 3.3 ft above current sea level.
Furthermore, the risk to the water supply from storm surge and overtopping of the freshwater aquifer was not
directly addressed during this modeling exercise. Hurricane storm surges have the potential to push saltwater
significantly inland towards the pumping well, and the likelihood for quick infiltration of this saltwater into the top
of the freshwater aquifer is high, especially due to the high recharge rate and permeability of the sandy dune
sediments. Further modeling work that incorporates coastline erosion, storm surge, and unsaturated zone processes
would help clarify this risk.
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STOP DESCRIPTIONS

STOP 1: PICNIC TABLES OVERLOOKING THE BEACH
Meet at the flagpole in the parking lot at 10:00 a.m. We will walk to the first stop that provides a panoramic
overview of the coastal geology from an elevation in the dunes. The vista extends from the Kennebec River offshore
to Seguin Island and west to Cape Small at the boundary with Casco Bay. The bedrock islands and ledges are
prominent and influence wave refraction, sand transport, and the shape of the intertidal beach and berms. From this
overlook the tide is relatively high but falling. The last high tide swash line provides a sense of the beach curvature,

222

GORDON AND DICKSON

B6-23

dry beach width in front of the vegetated dune edge, and the submergence of large expanses of a gently dipping
beachface across which surf breaks.
STOP 2: BACK DUNES AND PITCH PINE FOREST
Walk 5 minutes west from the parking lot, following a trail over the back dunes and into the pitch pine forest.
We will stop in the shade of the mature forest that has covered the dunes for at least 100 years. A shallow
piezometer installed in a low area between dune crests gives us a window into the groundwater aquifer. We will talk
about the basics of groundwater, and introduce the concept of seawater intrusion into freshwater aquifers. We will
also take a basic conductivity measurement of the water.
STOP 3: WEATHER STATION
Another minute’s walk west will lead to a small weather station installed and operated by researchers at
Popham Beach. This station records data every 30 minutes about temperature, barometric pressure, wind strength
and direction, and precipitation amounts. We will talk about the basics of the hydrologic cycle, and the fate of
precipitation that falls on the back dunes.
STOP 4: MONITORING WELLS AND PRODUCTION WELL
Backtrack to the parking lot, and then enter the forest by another trail from the northwest corner of the parking
lot. This trail leads towards the production well where water is pumped from the groundwater aquifer. The
protective sanitary casing and well cap protrude several feet above the ground surface. We will talk about how a
well is drilled and installed in unconsolidated material, how the safe yield is determined, and how the well is
currently utilized. The well is located near the highest crest of dunes in the back dune area, and also positioned so
that it is as far as possible from the parking lot, roads, and sources of salt water. Here we will also discuss saltwater
intrusion in more detail.
STOP 5: MONITORING WELL FIELD
Within a few hundred feet from the production well in the surrounding forest are five monitoring wells that
were installed during the field investigation to develop the new water source. These also have protective casings that
extend above the ground. They are roughly oriented in a triangular shape around the production well, which allows
us to determine the slope of the groundwater surface. We will take more measurements on these wells, and discuss
how the measurements helped inform a computer model of groundwater flow.
STOP 6: BATH HOUSE AND SEPTIC FIELD
Returning to the parking lot again, congregate on picnic tables near the west-side bath house, literally on top of
the septic waste disposal and greywater leach fields. Here we will have the opportunity to discuss some results from
the groundwater flow model and to talk about future planning and adaptations.
STOP 7: EAST BEACH AND DUNES
Walk 15 minutes east from the parking lot to a beach stop adjacent to low-relief dunes fronting State Route 209.
We will review erosion of the frontal dune at this location over the last few years. This erosion has exposed back
dunes to wave action. These dunes are lower than a typical frontal dune ridge and wave overtopping and shoreward
sand transport has been minimal. Consequently, there has been limited formation of a new frontal dune in the last
decade. The dune edge is steep and reflective which makes seaward propagation of American beach grass limited.
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The lower beach profile typically has a bar-and-trough geomorphology with a surf break offshore at low tide and
higher on the steeper upper beach profile at higher stages of the tide. Storm waves can reach the toe of the dunes and
scour the steep dune face to form scarps that recede 10 feet in a single winter storm. Acute erosion on the order of
15 feet per year from 2010 to 2014 (Slovinsky et al., 2015) abated when a large subtidal bar became intertidal and
then welded onto the beach. In the process of welding, however, there was a period of longshore drift reversal that
led to increased scour before the berm received sand from the bar. Once the bar became part of the upper beach
profile, longshore drift returned to the typical easterly direction, moving sand along Hunnewell Beach and toward
the Kennebec River.
STOP 8: HUNNEWELL SEAWALL
Walk 5 minutes along the beach to the riprap seawall on Hunnewell Beach. At this site we can begin to see
development in the dunes. Shoreline retreat here has periodically exposed some homes to land loss due to erosion.
With the loss of protective dunes, waves cause splashover and potential flooding. Cycles of erosion tend to last for a
few years and be followed by dune rebuilding. Past dune growth has extended tens of meters seaward and buried the
seawalls that are exposed now. Currently the seawalls actively reflect surf which creates additional toe scour and
injects more sand into the longshore drift. The most recently welded bar did not raise the beach profile elevation
sufficiently to support a berm and dune re-growth seaward of the rip rap structure. Some of the most severe dune
loss has occurred adjacent to the riprap. This shoreline retreat can be the result of additional turbulence from the
“end effect” where the wall has a sharp termination and wing wall extending into the dunes. We will discuss how
Maine balances dune preservation and property protection adjacent to the surf zone.
STOP 9: CENTER BEACH - BERM AND INCIPIENT DUNES
Walk 15 minutes back along the beach to the broad expanse of a berm called Center Beach. This large berm
surface is a result of wave refraction around the Fox Islands. Swells bend around both sides of the bedrock outcrop
and work sand ashore in the wave shadow created by the islands. This is Maine’s largest tombolo (an intertidal sand
bar generally perpendicular to the shoreline) yet it is also very dynamic. From mid-tide to high tide the tombolo is
submerged and rather impassable. This submergence not only limits access to the island but also allows significant
sediment transport for about 6 hours around each high tide. Currents tend to flow west to east across the tombolo
leading to sand transport to the subtidal bar system seen at the last stop. We will review past breaches of the tombolo
when a channel cut across the bar and injected significant sand volumes in the direction of Hunnewell Beach. With
the re-emergence of the tombolo after a breach, the berm on Center Beach rebuilds to a spring tide elevation and
higher. This vertical accretion is supplied by both wave action and aeolian transport. Incipient dunes have formed in
the last few years in the interior section of the berm and are in the process of expanding horizontally and vertically.
The re-establishment of a sparsely vegetated berm is ideal for plover nesting and fenced exclusion areas were set up
in the summer of 2015, right in the middle of the busiest part of the beach. String fencing supported by simple stakes
has been used successfully to limit foot traffic in the emergent dunes. Placement and goals of protecting dune
vegetation will be discussed in the context of creating a living shoreline that can also dissipate storm waves and
flooding while increasing the sand reservoir in the center of the park.
STOP 10: BARRIER ISLAND – DUNES, BEACHFACE, BARS, AND WASHOVER CHANNELS
From Center Beach, walk west 10 minutes along the seaward side of the dunes that are part of Maine’s youngest
barrier island. As the main dune field is approached, we will pass smaller and lower dune formations just above the
elevation of the spring high tide. As the beach has gained sand in the last 5 years, horizontal and vertical sand
accretion has preserved the dunes from significant inundation or storm erosion. The low dune field is about half a
meter or less above the highest annual tide so an annual storm surge of about two feet can washover these new
dunes. However, given the rise and fall of the tides during a storm, inundation and surf action is generally limited to
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a few hours at the height of a storm. The net longshore drift is to the east so onshore and alongshore transport of
sand brings more sediment supply that can be trapped by American beach grass. The central dunes of the barrier
island have been building up at a rate of up to one to two feet per year over the last few years. Consequently, there
are only a few washover channels through the barrier island and those are sufficiently long that very little landward
sand transport takes place across the island to deposit sand in the back-barrier lagoon. The center of the island
provides an excellent opportunity to see dunes that formed in the last decade. At this stop we will review shoreline
change that led to the formation of Maine’s youngest barrier island and its subsequent evolution. On the time scale
of a decade, this barrier island shows no signs of landward transgression into the lagoon. We will discuss the fate of
the barrier island based on recent shoreline change trends.
STOP 11: MORSE RIVER CHANNEL – MEANDERS AND AVULSION
From the center of the barrier island walk west 5 minutes along the berm to the Morse River bank. The broad
berm fronting the center of the island becomes narrower and disappears at the river. The river course bends toward
the barrier island and results in an active cut bank where it encounters the barrier island dunes. The river bank is
steeper than the beach face, more poorly packed, and the high tide position reaches the base of an erosional scarp at
the dune edge. The Morse River erodes sand along the cut bank on both incoming (flooding) and outgoing (ebbing)
tides. Here we observe the ebbing channel flow nearing its peak during mid-ebb. The river momentum and gradient
lead to seaward flow for nearly an hour after the predicted low tide. The current is strong because it drains an
upstream impoundment at Spirit Pond (Figures 2 and 3). Unlike many back-barrier settings, the connection of Spirit
Pond with the river increases the tidal prism (volume of tidally-exchanged water) and provides swift tidal currents.
Additional inflow and outflow of tides fills and empties the traditional back-barrier lagoon that can be seen from this
location and the next stop.
Going back two decades, the Morse River channel was forced in an easterly direction by spit progradation until
2010 (Dickson, 2010; Slovinsky and Dickson, 2011). Longshore drift carried sand east off Seawall Beach to build
first an intertidal spit platform and then a more emergent spit above spring high tide that supported vegetation.
Protected by bedrock islands, nearshore sand bars, and a constant supply of sand, the spit became large, accreted
vertically, and more and more difficult to overtop by storm flooding. Vegetation became denser, aeolian dunes
formed, and the spit became more stable. A similar condition had existed in earlier cycles of Morse River
meandering but the volume and elevation of the spit was smaller and more easily washed over by storms.
Consequently in earlier events (c.a. 1986; Goldschmidt et al., 1991) the landward migration of the spit was faster
and also was easier to breach in storms.
In April 2009 students in a Bates College sedimentology class field trip observed a washover channel forming
on the spit (Dickson, 2009). However, a much anticipated breach was not imminent for about another year. A
February 27, 2010 survey of the washover channel confirmed persistence of a 200-foot channel cross-section at the
Mean High Water elevation following a major storm the previous day (Dickson, 2011; Slovinsky and Dickson,
2011). However, the single storm was insufficient to open a new Morse River channel. Over the following week, a
trifecta of (1) high spring tides, (2) a persistent surge, and (3) a significant wave height of 28 feet offshore (Buoy
44007) continued to incise a new channel. A peak surge of 4 feet was followed by persistent setup of 1 foot that
provided 5 tides above what is considered “flood stage” and 4 days of unusually high tides. This persistent tidal
surge of 1 foot may have been the expression of a U.S. East Coast sea level rise anomaly (Goddard et al., 2015;
Slovinsky et al., 2015; Sweet et al., 2009; Yin and Goddard 2013) as much as a local meteorologically-generated
surge. After a week of these trifecta conditions, a new channel was fully formed by March 6, 2010. With this
avulsion, Maine’s youngest barrier island was born.
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STOP 12: BACK-BARRIER LAGOON
Walk north and then east another 5 minutes along the high tide line to reach the back side of the barrier island.
The back-barrier lagoon at Popham Beach owes its existence to excavation by the Morse River from 2005 to 2011
(Dickson, 2010; Slovinsky and Dickson, 2011). Unlike some models of lagoon formation behind transgressive
barrier islands and sea-level rise, coastal evolution here is predominantly of fluvial origin and also much faster.
Channel meandering behind the spit resulted in erosion of the dunes and pitch pine maritime forest in a rather
systematic pattern. A cut bank on the north side of the river channel undercut high back dunes and felled trees into
the channel. As the cut bank meandered east dunes were progressively destroyed from 1980 to 2009 (Dickson,
2010). As described above, the persistence of the barrier spit seaward of the Morse River provided an impediment to
both seaward meandering and an avulsion to shorten the channel course. As the Morse River continued to be forced
east by spit progradation, erosion threatened the west bath house and leach field and cut through the tombolo at
Center Beach. So the combined Morse River tidal prism and strength of the ebb current were sufficient to erode the
tombolo and result in an ebb shoal forming on the east side of Center Beach. This outlet position of the Morse River
led to additional dune loss, including an area of picnic tables and grills similar to and west of the one at Stop 1.
Following the spit breach, channel meandering and flood-oriented sand transport slowed into the lagoon from
the east. Over the last 5 years, lagoon infilling has been gradual with the deposition of stacked small flood-tidal
deltas and westerly spit progradation off East Beach into the relict Morse River channel at Center Beach. However,
deposition has not eliminated tidal exchange in the lagoon. Back-barrier outflow has been primarily via a westerly
channel to the Morse River which allowed easterly spit progradation off the barrier island. By 2016 spit
progradation from both East Beach and the barrier island, as well as onshore bar welding west of the tombolo,
resulted in sufficient deposition to restore Center Beach to a supratidal elevation.
STOP 13: BATH HOUSE TREE WATTLES AND BEACH SCRAPING
Walk east 10 minutes back to Center Beach and stop by the stack of fallen pitch pine trees formed into a wattle
with ropes. From the spit breach early in 2010 through 2011, tidal exchange with the lagoon kept erosion adjacent to
the bath house ongoing and additional pine trees becoming driftwood. The Maine Geological Survey recommended
using the full tree trunks and root systems to slow the Morse River flow along the shore next to the bath house
(Dickson, 2010). Upstream, where trees protruded into the channel, additional sand was deposited and a wider
lagoon beach formed. Using this natural concept, driftwood was placed in the erosion hot spot upstream and in front
of the bath house. The tree wattle effort received environmental permits and the bundle of trunks were tied and
anchored to living upland tress in the adjacent dunes. During storms the wattle moved slightly as it was lifted by
flooding and surf. Following the initial installation of tree wattles, sand began to bury them in the core of a berm and
dune. However, Hurricane Irene (August 29, 2011) was anticipated to make landfall on the Maine coast so
additional wattles were built and existing trees rearranged seaward of the bath house. In order to minimize hurricane
flooding (the cut bank was about 75 feet from a 10-foot high scarp) jersey barriers were placed seaward of the west
bath house. These barriers were also used to anchor the tree wattles.
Hurricane Irene tracked west into Vermont, but erosion continued even after the storm’s passage. Even with the
tree wattles in place sand was being lost due to a meander in the tidal channel that made a sharp curve immediately
seaward of the bath house. With the foundation of the bath house now only 55 feet from the scarp and single storms
removing 10-15 feet of dune, little time remained until the structure might have been undermined. The Maine
Geological Survey proposed moving 10,000 cubic yards of sand from the barrier island spit in an onshore direction
to infill the tidal channel in front of the bath house and to create a sloping beach and berm that covered the tree
wattles (Dickson, 2012; Kelley, 2013). Environmental permits were quickly obtained prior to the arrival of 20112012 winter storms. This proposal mimicked the natural transport direction but accelerated it from perhaps a year to
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a week. The resulting geomorphic conditions created a lower barrier island spit topography similar to that of 2009.
Following the beach scraping, the lagoon channel found a new outflow location similar to that from two years
earlier. Throughout the design and implementation of the project, all activity stayed at least 500 feet away from
vegetated barrier island dunes and areas where piping plovers had nested in the summer. This winter effort had no
detrimental impacts to nesting or foraging habitats the following spring.
STOP 14: PICNIC TABLE OVERLOOK – STORMS OF TODAY AND TIDES OF TOMORROW
From the west bath house walk 5 minutes to the picnic table overlook (Stop 1). Since the beginning of the trip
the tide has fallen and is continuing to do so. The lower water levels expose more of the beach face, bar-and-trough
structures, the tombolo, and lower swash zone. Tombolo accretion occurs from both the east and west and often
sedimentation results in a sinuous bar extending to the Fox Islands.
The dramatic changes along the park shoreline have removed dunes, minor infrastructure, required small
adaptation measures, and created a sense of the challenge posed by predicting the future based on the past. An
initiative of the Maine Coastal Program over the last two years has been to identify vulnerability of park assets that
could be at risk from shoreline change, northeasters, hurricanes, and several scenarios of sea level rise. Projection of
short term erosion rates for long term planning is tenuous because of the alongshore variability in erosion and
accretion driven by both beach and fluvial processes. Understanding sediment budgets and transport pathways has
helped find short-term solutions to acute erosion that threatened infrastructure.
Inundation mapping has provided insight into flooding for short durations (e.g. a Category 2 hurricane or a 1%
chance storm after a 2-foot sea level rise) as well as persistent higher tides from gradual sea level rise. Gradual sealevel rise results in regular nuisance flooding as well as greater frequency of short-term flooding in storms. At this
stop we will discuss scenario-based vulnerability assessments of park infrastructure and how science can be used for
adaptive management and capital improvements to parks using Popham Beach State Park as an example.
STOP 15: THE FOX ISLANDS
The last stop will be a 10 minute walk across the tombolo to the Fox Islands. The summit of the bedrock island
provides a panoramic view ashore of the stops in this trip. With a lower tide, wave shoaling can be observed across a
shallow subtidal shoreface. The refraction of waves around islands and ledges will be observed. The seaward side of
the island shows evidence of how high and forceful wave action can be during storms. There are several locations
where imbricated bedrock boulders have come to rest due to wave action. From this observation point we will finish
the trip and participants are free to revisit earlier stops or walk ashore across the tombolo.
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